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catal ysts dyggtwii@n@afsh asdelethity aAddr s@LRfkEs/1 Ly, they exhibit lifetines
i'n need of “i mprovenent. 30 EP 963 975 Al and EP 1 106 600 A2 (both BASF

AG describe processes for preparing amnes from respectively, alcohols
and al dehydi@HHCREE SrdBASEMSTelatesfers precrssdomdlectigningtien efat al yst whose
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for am nations. 40 WD 03/051508 Al (Huntsman Petrochem cal Corp.) relates
¢ . :
O P ocessEqusézg 649aR11 ?&&éip %G) discloses catalysts which comprise oxygen-containing
25  zirconium, copper, cobalt and nickel compounds, and processes for the hydrogenating
amination of aicohols. The preferred zirconium oxide content of these catalysts is from
70 to 80% by weight (loc. cit.: page 2, last paragraph; page 3, 3rd paragraph;
examples). Although these catalysts feature good activity and selectivity, they exhibit
lifetimes in need of improvement.
30

EP 963 975 A1 and EP 1 106 600 A2 (both BASF AG) describe processes for
preparing amines from, respectively, alcohols and aldehydes or ketones, and nitrogen
compounds using a catalyst whose catalytically active composition comprises 22-40%
35 by weight (or 22-45% by weight) of oxygen compounds of zirconium, 1-30% by weight
of oxygen compounds of copper and in each case 15-50% by we’ight (or 5-50% by
weight) of oxygen compounds of nicke!l and cobalt.
WO 03/076386 A and EP 1 431 271 A1 (both BASF AG) also teach catalysts of the
abovementioned type for aminations.
40
WO 03/051508 A1 (Huntsman Petrochemical Corp.) relates to processes for aminating
alcohols using specific Cu/Ni/Zr/Sn catalysts which, in a further embodiment, comprise
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t oxi ¢ 25can be removed from norpholine only with difficulty owing to its
physi cal  when the very active catalysts of the prior art are used, including in particular the
catalysts according to EP 963 975 A1 and EP 1 106 600 A2 (see above), there may be
an increased tendency to decarbonylation of the carbonyl function (which may have
formed as an intermediate) at elevated temperature in the reactants (alcohols,
30 - aldehydes, ketones). The formation of methane by hydrogenation of carbon monoxide
(CO) leads, owing to the large amount of heat of hydrogenation released, to a
"runaway risk", i.e. an uncontrolled temperature rise in the reactor. When CO is
scavenged by amines, methyl-containing secondary components are formed.

35 - In the amination of diethylene glycol (DEG), there is, for example, an increased
tendency to form undesired methoxyethanol or methoxyethylamine. Methoxyethanol is
toxic, can be removed from morpholine only with difficulty owing to its physical
properties and can thus lead to problems with regard to specification and product
quality.

40
In the case of the example of the amination of diethylene glycol (DEG), the |
"decarbonylation” is viewed in particular as the sum of undesired components



properties %ﬁ%@an thus lead to problems with regard to specification and
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The reaction mechanism of the amination of primary or secondary alcohols is assumed
to be that the alcohol is initially dehydrogenated to the corresponding aldehyde at a
metal site. In this reaction, the copper or else nickel is suspected to be of particular

10  significance as a dehydrogenation component. When aldehydes are used for the

- amination, this step is not needed.

The aldehyde formed or used can be aminated by reaction with ammonia or primary or
secondary amine with elimination of water and subsequent hydrogenation. This
condensation of the aldehyde with the abovementioned nitrogen compound is

15 suspected to be catalyzed by acidic sites of the catalyst. In an undesired side reaction,
the aldehyde can also be decarbonylated, i.e. in that the aldehyde function is
eliminated as CO. The decarbonylation or methanization is suspected to take place at
a metallic site. The CO is hydrogenated to methane over the hydrogenation catalyst, so
that the methane formation indicates the extent of decarbonylation. The

20  decarbonylation forms the abovementioned undesired by-products, for example
methoxyethanol and/or methoxyethylamine in the abovementioned case.

The desired condensation of the aldehyde with ammonia or primary or secondary
amine and the undesired decarbonylation of the aldehyde are parallel reactions, of

25  which the desired condensation is suspected to be acid-catalyzed, while the undesired
decarbonylation is catalyzed by metallic sites.
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whose cat %Mélt%ﬁl‘chﬁété&qs' ¥§pconposition, before its 30 reduction with

hydr ogen, conprises conmpounds of zirconium of copper, of nickel and of

tin and in the range fromO0.5 to 8.0% by weight, preferably in the range

from 0. 6 tWe hdavesisdioundicgtatystsmnasepratdigicaliy gctiva compositimgdefareits 0. 7 to 4. 5%

by ‘weizght re@)686n WRA Bydrogen, comprises compounds of zirconium, of copper, of nickel and
of tin and in the range from 0.5 to 8.0% by weight, preferably in the range from 0.6 to
7.5% by weight, more preferably in the range from 0.7 to 4.5% by weight, even more
preferably in the range from 1.5 to 4.5% by weight, even more preferably in the range
from 1.7 to 4.3% by weight, even more preferably in the range from 2.0 to 4.0% by
35  weight, of oxygen compounds of cobalt, calculated as CoO.

More particularly, we have found catalysts whose catalytically active composition,
before their reduction with hydrogen, comprises in the range from
15 to 80% by weight of oxygen compounds of zirconium, calculated as ZrO,,

40 1 to 20% by weight of oxygen compounds of copper, calculated as CuQ,
15 to 55% by weight of oxygen compounds of nickel, calculated as NiO, and 0.5 to
8.0% by weight, preferably 0.6 t0 7.5% by weight, more preferably 0.7 to 4.5% by
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stream e\(;‘m?q?rgf%sﬁ BAS; rfg%%%f@%%‘??ﬁ'y %3?3?%'7% %5%?%&1'%9“’%{‘ Y& phase
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25 manner, preferably in a cycle gas stream, evaporated and in gaseous form. Suitable
amines for a gas phase synthesis are amines which, owing to their boiling points and
the boiling points of their reactants, can be kept in the gas phase within the process
parameters by process teChnology means. The cycle gas serves firstly to evaporate the
reactants and secondly as a reactant for the amination.
30 '
In the cycle gas method, the starting materials (alcohol, aldehyde and/or ketone,
hydrogen and the nitrogen compound) are evaporated in a cycle gas stream and fed to
the reactor in gaseous form.
The reactants (alcohol, aldehyde and/or ketone, the nitrogen compound) may also be
35 evaporated as aqueous solutions and passed to the catalyst bed with the cycle gas
stream.

Preferred reactors are tubular reactors. Examples of suitable reactors with cycle gas
stream can be found in Ulimann’s Encyclopedia of Industrial Chemistry, 5th Ed., Vol. B
40 4, pages 199-238, "Fixed-Bed Reactors".
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The catalysts are used in such a way that the catalytically active composition ground to

30  powder is introduced into the reaction vessel or that the catalytically active
composition, after grinding, mixing with shaping assistants, shaping and heat
treatment, is arranged in the reactor as shaped catalyst bodies — for example as
tablets, spheres, rings, extrudates (e.g. strands).

35  The concentration data (in % by weight) of the components of the catalyst are based in
each case, unless stated otherwise, on the catalytically active composition of the
finished catalyst after its last heat treatment and before its reduction with hydrogen.

The catalytically active composition of the catalyst, after its last heat treatment and

40  Dbefore its reduction with hydrogen, is defined as the sum of the masses of the
catalytically active constituents and of the abovementioned catalyst support materials,
and comprises essentially the following constituents:
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The catalytically active composition of the inventive catalysts and of those used in the
process according to the invention preferably does not comprise any silver and/or
30 molybdenum, in each case either in metallic form (oxidation state O) or in an ionic,
especially oxidized, form.

In a particularly preferred embodiment, the catalytically active composition of the
inventive catalysts and of those used in the process according to the invention does not

35  comprise any further catalytically active component, either in elemental or in ionic form.
In the particularly preferred embodiment, the catalytically active composition is not
doped with further metals or metal compounds.
Preferably, however, typical accompanying trace elements which originate from the
metal extraction of Cu, Co, Ni, Sn, are excluded therefrom.

40

The catalytically active composition of the catalyst, before its reduction with hydrogen
comprises in the range from 0.5 to 8.0% by weight, particularly in the range from 0.6 to
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Preference is given to preparing the inventive catalysts by employing precipitation
methods. For example, they can be obtained by coprecipitating the nickel, cobalt and
copper and Sn components from an aqueous salt solution comprising these elements

30 by means of bases in the presence of a slurry of a sparingly soluble, oxygen-containing
zirconium compound and subsequently washing, drying and calcining the resulting '
precipitate. The sparingly soluble oxygen-containing zirconium compounds used may,
for example, be zirconium dioxide, zirconium oxide hydrate, zirconium phosphates,
zirconium borates and zirconium silicates. The slurries of the sparingly soluble

35  zirconium compounds can be prepared by suspending fine powders of these
compounds in water with vigorous stirring. Advantageously, these slurries are obtained
by precipitating the sparingly soluble zirconium compounds from aqueocus zirconium
salt solutions by means of bases. ’

40  The inventive catalysts are preferably prepared by means of a coprecipitation (mixed
precipitation) of all of their components. To this end, an aqueous salt solution
comprising the catalyst components is appropriately admixed with an aqueous base -
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The inventive catalysts may also be prepared by impregnating zirconium dioxide (ZrO2)
which is present, for example, in the form of powder or shaped bodies such as
extrudates, tablets, spheres or rings.

35 The zirconium dioxide is used, for example, in the amorphous, monoclinic or tetragonal
form, preferably in the monoclinic form.

Shaped bodies can be produced by the customary processes.
40 The impregnation is likewise effected by the customary processes, as described, for

example, in A. B. Stiles, Catalyst Manufacture - Laboratory and Commercial
Preparations, Marcel Dekker, New York (1983), by applying an appropriate metal salt
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moldings, for example tablets, and heat-treating. The heat treatment temperatures

correspond preferably to the temperatures in the calcining.

The catalysts prepared in this way comprise the catalytically active metals in the form
30 ~ of a mixture of their oxygen compounds, i.e. in particular in the form of oxides and
mixed oxides.

The catalysts prepared, for example, as described above are stored as such and, if
‘appropriate, treated. Before they are used as catalysts, they are typically prereduced.

35 However, they can also be used without prereduction, in which case they are reduced
under the conditions of the hydrogenating amination by the hydrogen present in the
reactor.

For prereduction, the catalysts are expdsed to a nitrogen-hydrogen atmosphere first at

40 preferably from 150 to 200°C over a period of, for example, from 12 to 20 hours, and
then treated in a hydrogen atmosphere at preferably from 200 to 400°C for another up
to approx. 24 hours. This prereduction reduces a portion of the oxygen-containing



appropri atpé:, 604732t ed. Before they are used as catalysts, they are
typically prereduced. 35 However, they can al so be used w thout
prereduction, in which case they are regquced under the conditions of the
hydr ogenat i g am nation by the hég gen resent in the reactor. For

pr er educt i B#2 ‘i%éo%‘ﬁf’%lpﬁ?gt ig the CRITRFRINGNSHTSIR 8 BRykiRt hieSPher e
first at pt€sqnt &fgetrehbwith tnedifféfeat typeéZODIZygmecorapqnmdsmﬂthefactﬁre)formmmrm e,
from12 tggefhdpours, and then treated in a hydrogen atnosphere at
preferably from 200 to 400C for another up to approx. 24 hours. This
prereduction reduces a portion of the oxygen-containing PF 60473 11 netal
conpoufds Afudseradvantags ef thainyeptyesatalystsie thebmeasbpaealistagilitvetaltheir so t hat

:Eey a{e rrarcﬁfee@tTHeag&ﬂqb%?l\/ytém.tg&@b@deft@rrm{wh Hﬁm&eééur%ﬁﬂ?ﬂtmou?ds in
e actlv r e rLnventi ve
catalyst s LS Tkl sFEHR) ¥3} kbt hE Shatd PR Gy, ot B

nec ham calcatalysbiaplet.ys %téﬁﬁs%wtﬂfémérle\@ﬁ'ﬁ@@rQﬁ/thWéeW@\@sQﬁr@ﬁbWi@teéﬂmﬂlW@Ctyfﬁ

cal l ed si dﬁtr@rsmbemgatsmtmgy becuFgrant tHisstrass pegect, Tdi%xéﬂﬁpl@e@h at al yst body,

for exanpl Gildigal sﬁﬁ%@é ?f%tataﬁggp LE ;J'ﬁe ﬁ)ﬁ’éeq%ﬁggféﬂt\k%rft GEf: Q:gt:{l §&B/O dy

bet ween t racture he s ape
occurs, @cﬁmssls CrHein%: ﬂe”gfhor exanple, on the 10 cyl i ndr| cal
surface of cat al yst tablets. The force regi stered when the shaped catal yst

body fraclth'ér;ﬁécés‘é aEB&dﬁlgqgtrFeﬂH%HtBQ |§6r€31%'?95| perdtmeR cBRER DU Cf%d' ng to

t he |nvent| nt | nuo

pr ef er abl yP sﬁar ﬁzrpglx&g@gl a}gpqnﬂggltrg@&r %E}d%[sasa?' #J’iegé’(?dbglf pqs§1tb es‘%b&?m bl e
for tHe Iewitpwardtbedixer eatelystbeddo bateihgrSronyéhg top obtomithebettdm.orhet gas t op
or from t hereb®tis afusithen @ams of fePfiBratire2 fiddstirendMowatitsin @lick £NRGRSLUT €,

pressure ae@g f“l«"?l%@n@" bg””ﬁ#f% r\"’é’%dh&?ﬁ’em ‘Fn thr el gphvel y high-boiling

reaction pr ase ﬁ% agent may, with
regard to the al coholic hydroxyl group or aldehyde 20 group or keto group
to be am rTa]bee(zlnmétmgwgedt may Skith regariettié alcotwilib-hydoxylswmer sitadaHydemet ri ¢ '

anounty. g, @é obh td BE aRfREd, In@isBh irsibefiBiRricabdrydes of ketones

wth prlmareg &){ ond a’f’% am nes he amne is preferably used in an
appr oxi mat>dpP§s %]'Qm?tﬂ?r@ HRts. 25 am)unt or sli ght |y superstoichionmetric
anount per nole of al coholic hydroxyl group, aldehyde group or keto group

to be an n@tr@basé%etr@rmﬁam@mbls(am&rﬁmg'arﬁasﬁ@ywm hr%axf“yscﬁ"d preferably
in from0.90 tp 100. m,1.0 to 10

times the 565 rya%l?ﬁf tﬂ%gg%e 'isPre%@bgaﬁgdgg'g%gwof“ﬁ@t%h’ é@’f?gfom%ﬁ"aeh de
and/ o5k etasiRantigresiichisspnsrsipichiometrisranaouns parsre@llegéa@pmllcywywqxw groéip.om 1. 5-

to 250- f olaiehpdeh@upldr keforgdupto BePamib@edf ol d, especially from2- to
10-fol d nol ar excess per nole of alcoholic hydroxyl group, al dehyde group

or keto group to be converted.
The amine component (nitrogen compound) is used preferably in from 0.90 to 100

times the molar amount, especially in from 1.0 to 10 times the molar amount, based in
30  each case on the alcohol, aldehyde and/or ketone used.

Especially ammonia is used generally with a from 1.5- to 250-fold, preferably from 2- to
100-fold, especially from 2- to 10-fold molar excess per mole of aicoholic hydroxyl
group, aldehyde group or keto group to be converted.

35  Higher excesses both of ammonia and of primary or secondary amines are possible.

Preference is given to employing an offgas flow rate of from 5 to 800 standard cubic
meters/h, especially from 20 to 300 standard cubic meters/h.

40  The amination of the primary or secondary alcohol groups, aldehyde groups or keto
groups of the reactant can be performed in the liquid phase or in the gas phase.
Preference is given to the fixed bed process in the gas phase.



35 Hi gher 88 S3s both of ammonia and of primary or secondary am nes are
possible. Preference is given to enploying an offgas flow rate of fromb5
to 800 standard cubic neters/h, especiqally from 20 to 300 standard cubic
meters/h. 40 The am nation of the primary or secondary al cohol groups,
al dehyde groups or keto groups of the reactant can be perfornmed in the

| i qui d pha¥keroworkingtimthedigsid phasse the reacthieis éaicahol, sldghydenortketonh@lusi xed bed -
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parti cul arphasemotié@re poBie. ThBatakalyst houdképmcevdciynid genbiatiyindhe plvage node
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syl bl Sabtigpin el Seal oA BydkeRD. oK rrdingtelolpi o | one o
e ene | . | .
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15 t enfer demPerathen worki ng in the gas phase, the gaseous reactants
(al cohol, al dehyde or ketone plus amnia or am ne) are passed over the

[ | ' ref er abl
hydr ogen, Wy EEpRIBIEIESaP bl bLERe0M BalAiRs (BHEF Mol iRk pig
pressur es BIMGERET 2NING) 8 pRFFIOVELthE Gatelvat PhRRPISRCs CABYHrGgsNIN agagt er abl y
from 0.1 tsireda®, piefearblyroydeogencéadecidd so &3 rheGuffictentiblaledor Mapotatiomest at ur es
from 200 1o BUlsRbr Ginclly e 0.1 (SO VERIRORI 1,1 0D a A telepe i DI 0 180
to o500 MR Pl b AR G I e T et s e Bt PANR
al dehydes aiddenasalyrios 80 o Idier partigulary diens 00 to 398TL preferaplyifiomc 1ol y  f r om
90 to 300Q70pcaheeahénerdbiyoran Q80 t@225CCThd heachidriperatdies hitked cat al yst

bed be. @i . . . Th ' . '
pr ef or abl v/ ClsBEE R AR SPatln see M fordihs AR Gel G5 P RTa Y bigz"c'es
vel oci®dy irgrigaigey BipmP0ite 3p0e, peairjably fiom t0Qte 359°0. ot tefties feid\eatafyisbm
0. 05 to 0.dedkgaydfe eitheofsrh abaleds ipeebaisw Kibeaaguitergab stredm @fprefatadlyyst  ( bed

vol une) a : Vo4 T gen is fed to the reaction generally in an
anount of Fatl)m SHItOyXE ,nﬁ%ﬁée(?erably in an anmount of from50 to 200 |

per ol e dhegrEHFbhourly SRRIRNROCHY Isigonsidly PR EAMeAdrom 0.01 to 2 and preferably

from 0.05 to 0.5 kg of alcohol, aldehyde or ketone per liter of catalyst (bed volume) and
30  hour. :

The hydrogen is fed to the reaction generally in an amount of from 5 to 400 |, preferably
in an amount of from 50 to 200 | per mole of alcohol, aldehyde or ketone component,
the amounts in liters each having been converted to standard conditions (S.T.P.).

35  The performance of the amination of aldehydes or ketones differs from that of the
amination of alcohols in that at least stoichiometric amounts of hydrogen need to be
present in the amination of aldehydes and ketones.

Both in the case of operation in the liquid phase and in the case of operaﬁon in the gas

40 phase, it is possible to use higher temperatures and higher overall pressures and
catalyst hourly space velocities. The pressure in the reaction vessel, which results from
the sum of the partial pressures of the aminating agent, of the alcohol, aldehyde or



the amount® P43 ters each havi ng been converted to standard conditions
(S. T.P.). 35 The performance of the am nation of al dehydes or ketones
differs fromthat of the amination of 48l cohols in that at |east
stoichionetric ampunts of hydrogen need to bhe present in the am nation of
al dehydes kgiRnexabdakise regtinn PFPq%ﬁfé ferned 51, B gRPRPTIR: Phihe ReIVENtdFRH 2phase
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al dehyde dotPin Besase oBconkinyauseoperaiion ot thehiguidgdese end prtbegesssof or med and,

i f approprdcatifuougfopehiof M thelkfas paask, Me eldess bRIRARGEYERTaRPRGIELBR] 1S

appropri at L NGKe, nj ecting hydrogen up to ?he desired reaction
pressure. tgg%eéﬂﬁ'?hnﬂgﬁgd@%' of continuous operation in the liquid phase

and in the case of continuous operation in the gas phase, the excess
am niati ng \@pemthesitalfe iscarratigbataed fixeo 9ol hemapbt Rdvdreadecls sgene s¥betvityhe
catal y [ %1 : TRY:

sel ectﬂ/i t?;,tﬁ%%%o t ,Zﬁl? gqa%ﬁég)%d t(t3 %g%sﬁﬁ?@'é‘ E@ep%gggg@ﬁ%%%%g{ngénﬁn t he
react or wi BIHEHERT g5dbREiRgdhe proportign of paekingsdhseeh ¢atalyeeParaionsmedbor t i on
of packi ngse fram 20¢d8C atdd by volpme prartidulatysroma 30 tdhe0 patsrbR doltime @ddpart s by

vol ure, paydriceidr Fohvad oD 3ttty WRirk@rts by volume and in particular from
40 to 50 parts by volune. 15 The water of reaction formed in the course of

the reaction (in each case one nole per nole of al cohol group, aldehyde

group 1ér kieovaieoefyeadiondonmed)in feneatadd of thivesachat (in hashecasedinemo@e ipee

ef L etcth on rhélg oflabES gft_fup? BIRERY g}a?% bihists gasktibi ORvErRids tgerlﬁé}ﬁll)ﬁ(?‘de%cﬁdt vi fj y

an e c st. r r [ Opri. ot I ve

her ef r om TP A HeAvE B PP c{eﬁaeeroﬁg%%vf’ee;ﬁo?ﬁﬁ% [t G d e

di stil | at iasW.thegatalysiifetimg and iz thetaiorefappippratelyarot sppe\rst theredr wiibihe

deconpr essestkug bithexezesisn pyoducty fon exanple y\distifate®s am nati ng agent present

are regoved therefromand the resulting crude reaction product is
ractional rectification. Suitable workup

purified, for exa lee%P( a L

processes %ﬁe‘gﬂ}fe@g&;% lugnb pag IpRFpPrEately pegibdqcompresisy. e gxgessFydrages 599 A
25 (‘bot h BASRNAEKcesEaMisatrgsageahpreatntege egenveddnetetrtre dngdnegesnitiage
:g;aln; 28?}3@%635%2% ngﬁgﬂltfgrl éﬁaagqlpne:ﬁyaIf@eti&faneegtifg&%oﬁ.aeétﬁta%pl ies to
Unconverté’%Pr%‘éDa%rPgiﬁsgs ﬁ%g%st‘r‘{/l)gﬁ??ra%ﬁa@p%rl%ggd%@w é'ﬂgggeﬁ gﬁéﬁ%d can
be 30 Z5et UbPlBBASECAGC). Mihe exhesssaminaling agentUandinedytmgen ese advantagenusipe
flowed agabfuridd BdeR int6 Y reabth Hhe CPHE SBHRS applies ERbRY Medmpretbly CorfaHeW se

or conti ”‘é‘?&b%oﬂ%%%h%et8ert&n%”c%%%%ht9” of the products in the separator.

Unconverted reactants and any suitable by-products which are obtained can be

30 returned back into the synthesis. Unconverted reactants can be flowed again in the
cycle gas stream over the catalyst bed in batchwise or continuous mode after
condensation of the products in the separator.

Aminating agents in the process according to the invention are, as well as ammonia,
35 primary and secondary amines.

It is possible by the process according to the invention to prepare, for example, amines
of the formula |

40 R? | (1)



Am nati ng %Fg@%@ in the process according to the invention are, as well as
ammoni a, 35 primary and secondary amnes. It is possible by the process
according to the invention to prepare, 44or exanple, amnes of the fornula
| R83 RL I ~NH R4 40 RZ (1) PF 60473 14 in which Rl, R2 are each
hydrogen (H), BN such as C, -20-alkyl, cycloal kyl such as
C3-12-cycl oal kyl, al koxyal kyl such as C2-30 5 al koxyal kyl,

di al kyl am noalgyk2such as C3- h as
C7_2o0- ar al kyl Fgmct}2 al kyl aryl sgechgéaE?:Y% @ﬁé?aé%%%wﬂ%? Ztogn@’l iégé]oi‘rég
e

~(CH2):-%- (CH2)k-, 10 R3, R4 °SHPRLER ﬁﬁémyb?%‘ aSRSH as

Cl.20- & kyl, cycl oal kyl such aﬁ@xmkﬂzild%dama\bawl Sunbds@eycal kyl such as

Cl. 20- hydroxyal kyl, ani noal kyja é%#&gnéékﬁla OardRyNaahkasl G; 0-aralkyl and
V&Y

hydr oxyal kyl am noal kyl such as, yygm:éﬁﬁ}g?oy?)fyl%x}cﬁ?tg§gtlhkyarb Fé#z?&_al kyl

such as C2-30 15 al koxyal kyl ,
C3- 30- di al kyl ani no- al kyl , al I(‘}Ha)m noal kyl such as C2-30-al kyl ani noal kyl ,
R5- (OCR6R7CR8R9) n- (OCR6R7) aryl, heteroaryl, aral kyl such as

C7- 20-gy al kyl ,gheteroaryl al kyl I yI
such as C7- 20- Eyl aryl, 20 ala&égﬁgh@%oﬁén%pg Wé’g& (21 Zojélkw ?kg%{ercl)ar yl,
and Y (CH2),,,-NR5-(CH2)q or Su%a% hércycoé‘@iz ydrex et a8 12p& and R4
together are -(CH2)i - X- ( CH2) r hydidydkyl, maoaikyeseachs ﬁyﬂmmgml@l{), al kyl

such as Cl-4-al kyl, alkyl phe nyl, R6, R7, R8, RO
are each hydrogen (H) met hyl WB &Y&Wﬁﬁ;&& i due %b?%H

sulfur (S) or NR5, Y is N Rioi“id roy %/Véééwoa' %OHPM%E?&S&P@F”OI(’ 0)03 20-
di al kylsam noal kyl, 35 n i s arlkonyaligérdiglkdamiboalksyl3ochag Gaao-dialkylamino-q ar e
each integers from1l to 4. alkyl, alkylaminoalkyl such as Ca.3s-alkylaminoalkyl, R®-
(OCRSR7CRER®),-(OCR8RY), aryl, heteroaryl, aralkyl such
as Cr.po-aralkyl, heteroarylalkyl such as Cyzo-
heteroarylalkyl, alkylaryl such as Cr.x-alkylaryl,
20 | alkylheteroaryl such as Ca.20-alkylheteroaryl, and Y-
(CH2)m-NR5-(CHy), or, together, -(CH2)-X-(CH2)m- or

R2 and R4 - together are -(CHz)-X~(CH2)m-,

25 RS, R10 are each hydrogen (H), alkyl such as C1.4-alkyl,
alkylphenyl such as Cr.4-alkylphenyl,

RS, R7, R8, R® are each hydrogen (H), methyl or ethyl,
30 X is CH2, CHRS, oxygen (O), sulfur (S) or NR5,
Y | is N(R'%),, hydroxyl, Ca.00-alkylaminoalky! or Cs-20-
dialkylaminoalkyl,
35 n is an integer from 1 to 30 and
ik ,m, g are each integers from 1 to 4.

The process according to the invention therefore preferably finds use for preparing an
40 amine | by reacting a primary or secondary alcohol of the formula Il



The pr ocedd §REG} di ng to the invention therefore preferably finds use for
preparing an 40 amne | by reacting a primary or secondary al cohol of the
formula Il 'PF 60473 15 R3 HOC R4 (Il and/or an al dehyde and/or a
ketone of the fornmula VIRsor VI R4XH R31R4 5 (VI) (VI1) with a nitrogen

conpound of the formula JIl R NHR2 (I1l), 10 where Rl,. R2, R3 and R4
are each as defined Ed® —RPhe reactant al cohol may al so be an am no
al cohol, for exanple an ‘anmi no (#) cohol of the formula Il. 15 As is evident

fromthe definitions of the R2 and R4 radicals, the reaction can also be
effected intranolecul arly in_an, appr.opri at i ng,.al cohol, am no ketone or
amno al d@'ﬂ?/ae ngléeqy(g{eﬁg&gla e{ OJ%?%‘J@rﬂ“HaWO&eBure| y formal sense, a
hydrogen atom of the nitrogen - conpound |1l is accordingly replaced by the
R4(R3)CH radical with relf¢ase of one nolar Qequival ent of water. The
process according to the ijpvention preferably also finds use in the
prepar%vmon of a 25 Cny4IC am ne, of the fp gtV 3&) R7 RI1 NR12 1~

ich 30 RI1 and R12 are €¥bh hydr ogen (H), such as d- to
C20- al kyl, cycl oal kyl such as C3- to Cl2-cycloal kyl, aryl, heteroaryl,

aral kyl sugth @6itreden EsmbelPriat #ddstmuladnd al kyl aryl such as C7- to
C20-al kylaryl, z 1s CH2, CHR5, oxygen (0), NR5 or NCH2CH2OH and PF 60473

16 R
“N—H
2/
R an,
10

where R?, R2, R3 and R# are each as defined above.

The reactant alcohol may also be an amino alcohol, for example an amino alcohol of
the formula Il.

As is evident from the definitions of the R? and R* radicals, the reaction can also be
effected intramolecularly in an appropriate amino alcohol, amino ketone or amino
aldehyde.

20  To prepare the amine |, in a purely formal sense, a hydrogen atom of the nitrogen
compound Il is accordingly replaced by the R4(R3)CH- radical with release of one
molar equivalent of water.

The process according to the invention preferably also flnds use in the preparatlon of a
25  cyclic amine of the formula 1V

in which
30 R'"andR' are each hydrogen (H), alkyl such as Cs- to Cx-alkyl, cycloalkyl such as
Cs- to Crz-cycloalkyl, aryl, heteroaryl, aralkyl such as Cs- to Czo-aralkyl
and alkylaryl such as Cr- to Cxe-alkylaryl,

Z is CHz, CHRS5, oxygen (O), NR® or NCH>CH-OH and



Rl, R6, RF T2f%73ach as defined above by reacting an al cohol of the formula
\Y

5R6RFT HO OH |IY RI1 RI12 with amonia or a primary am ne of the
formula VIII 10 RI-NH2 (M 11). The suBstituents RL to R12, the variables
X, Y, Z and the indices j, k, I, m nand q in the conmpounds I, II, |11,

IV,V, VI and VIl are each independently defined as follows: 15 Rl, R2,
R3, R4, RR'RBS RRrgre R8ch @9 defd aRb¥e R12: - hydrogen (H), R3, R4: - al kyl
such as Cl. 2o0-al kyl, preferably Cl.14-al kyl, such as nethyl, ethyl,
n-propyl, pr.o obutyl, sec-butyl, tent-butyl,

n- pentyl, by rga&tl nﬁ%o@gl%ftﬁ%‘ﬁfmul n\ZopentyI 1, 2-di net hyl propyl, n-hexyl,
i sohexyl , sec- hexyl, cyclopentylnethgl n- heptyl i soheptyl,

cycl ohexyl met hyl, n-octyl, isooctylR 7hyI hexyl, n-decyl, 2-n-

propyl -n-heptyl, n-tridecyl, Zid-bu I- - norp and 3-n-butyl -n-nonyl, 25 -
hydr oxyal kyl such as Cl - 2o- hydro al kyrl', ef erabl@y) Cl_a- hydroxyal kyl ,
nore preferably Cly-hydroxyal kyl uch as 1deroxymet hyl , 1-hydroxyet hyl,
2- hydr oxy- ethyl, 1-hydroxy-n-proBy 2- h roxy-n-propyl,

3- hydr oxy-n-propyl and 1- (hydroxy rret hyl)ethyl, 30 - am noal kyl such as
Cl. 20-am I I , such as ani nomet hyl ,

2- am noet Wﬁ’ Mﬂng%gr?ﬁfa }ﬁs?f%ﬁﬁﬂb%wg% no- n- pr opyl ,

3-am no-n-propyl, 4-am no n bLEz 5-am no-n-pentyl, N-(2-am noethyl)-2-
ani nogphy!l and N-(2-ani noet hyl )arﬁ“T'torret h{NIl). 35 - hydr oxyal kyl ami noal kyl
such as C2-2o0- hydroxyal kyl am noal kyl , pref erably C3-s-

hyd | h h t hy, hyl :
2y(r20)r<1§3r %&rﬂh i ’ﬁ#ﬁ& Brnie vz ab'§¥?<2 %Wb%ﬁ?%"é '@Li‘%wngF 60473
17 - R5- GW@R@R@)”(‘ 7/)an@wfmamfynd@e@@@mm#iﬂggd'as(cﬂmwn, mor e
prefer abI y R5- (OCH2CHR9) , (OCR6R7), - al kyl am noal kyl such as

C2: 304 1;(15} ggakk*]l{s, pr|;§7f £ bl PQWC(%HZ?{"@ kyl am noal kyl, 5 nore

pref erabl y ami’noal Kyl ; 'su as ‘net hyl am nonet hyI 2- et hyl -
am noet hyl-, et¥{ 'fQS?r'i‘ fdket hyl , ~ 2- et hyl ani noet hyl and
2- (i sopropyl am no) et hyl , (R5) HN- (CH2) q,

R3, R4
- alkyl such as C1.20-alkyl, preferably C+.1s-alkyl, such as methyl, ethyl, n-propyl,
20 isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl,
neopentyl, 1,2-dimethylpropyl, n-hexyl, isohexyl, sec-hexyl, cyclopentylmethyl,‘
. n-heptyl, isoheptyl, cyclohexylmethyl, n-octyl, iscoctyl, 2-ethylhexyl, n-decyl, 2-n-
propyl-n-heptyl, n-tridecyl, 2-n-butyl-n-nonyl and 3-n-butyl-n-nonyl, '

25 - hydroxyalkyl such as C+.20-hydroxyalkyl, preferably C+.g-hydroxyalkyl, more
preferably Ci.4-hydroxyalkyl, such as hydroxymethyl, 1-hydroxyethyl, 2-hydroxy-
ethyl, 1-hydroxy-n-propyl, 2-hydroxy-n-propyl, 3-hydroxy-n-propyl and 1-(hydroxy-
methyl)ethyl, '

30 - aminoalkyl such as Cs.20-aminoalkyl, preferably Ci.s-aminoalkyl, such as
aminomethyl, 2-aminoethyl, 2-amino-1,1-dimethylethyl, 2-amino-n-propyl,
3-amino-n-propyl, 4-amino-n-butyl, 5-amino-n-penty!, N-(2-aminoethyl)-2-
aminoethyl and N-(2-aminoethyl)aminomethyl,

35 - hydroxyalkylaminoalkyl such as C..20-hydroxyalkylaminoalkyl, préferébly Cs.s-
hydroxyalkylaminoalkyl, such as (2-hydroxyethylamino)methyl, 2-(2-hydroxyethyl-
amino)ethyl and 3-(2-hydroxyethylamino)propyl,



- Y- (CH2) lJ_,\lg§§7(c:l-|2)q, 10 - heteroarylal kyl such as
C4 20- heteroaryl aI kyl, such as pyrid-2-ylnmethyl, furan-2- ylnethyl,
pyrrol -3-yl met hyl and i m dazol -2-yl methyl, - al kyl heteroaryl such as
CA- 20- al kyl heteroaryl, such as 2-nethyl173-pyridinyl, 4,5-di- 15

met hyl i m dazol 2y deF%GR’?‘CIQ?FEf?? 9&6&# %ra%@ck = QEE-WHHR%wH !rﬂr%;?

het eroaryl such rid ridin pyrazi
pyrrol -3-yl, Hrﬁﬁe@&bb‘ﬁy ﬁ "and 3-furanyl, 20 Rl, R2, R3, R4: -

cycl oal kyl such as C3-12- cycl oal kyl, preferably C3-8-cycl oal kyl, such as

cycl opr opyI é’?lg‘i‘el %ﬁggﬁ
cycl oog_jt pre?élwl’S W&g?ﬁ’ﬁé@amlﬁé{fgﬁhﬁé%}' }p&%lo - a?%xyal Kyl
such a® C2- 30-BPRASEN slefpig ?lgycﬁu SN X?@I‘We ehWEf er abl y
C2- a- al koxyal anhlno@t]ydhetaﬁammtohmﬁwm eipllamitdethyy aed Eylbppmp]dammj@thm hyl ,

I sopr opoxymet rthN: § Oxynet hyl, i1sobutoxynethyl, sec-butoxynethyl, tent-
but oxynet hyl , 1-net oxyet hyl and 2-met hoxyethyl, nore preferably C2-4-

al koxyal kyl , 30 di al kyl am noal kyl such as C3-3o-di al kyl am noal kyl ,

pref erabl y CB-\Q@dH)raNI&ﬂ@Hi)mo- al kyl, nmore preferably

C3- 1lo-1@ al kyl am noal kyl , such as N, N-di net hyl am norret hyI

N, N- di but yl t di | -

<(31m no) Iet Ey?/ agg W%\i@%’% a(r‘;’ll\éﬁ‘ H%t%?cfa%’él?{ﬁ"%% 'd' 0 %t'e'?%yl and
35 2- (N, N-dii Hb?tbﬂypﬁéffﬁ ﬁd)"@?ﬁ’yl andgnrqlqa AXH ani no) pr opyI
(R5)2N-(CH2)q, - ary! such as phenyl, 1 napht hyI 2-napht hyl, 1-anthryl,

2-anthryl and SoRdbly such'RIer Adhyinbi | suknERDBi 8 i rlaPBtdhy'
L, il

ferab bly
07. 12798 kyl ph Wiede- 231, 3 ﬁ@?ﬂ% af g SRRV PYRENY preferably

4- et hyl phenyl , 2, 4-di net hyl phenyl, 2, 5- dlnethylphenyl

2, 6- di net hyl h 0473 18
53, 4' {TFI m{t ngétbfbaryﬁslﬂh@sr?gSﬁMln?h%andm?I 2: pﬂrhérﬁgl M}%rtﬁgiiﬁﬂ%;%yﬁglo? g @nyl

| en
2,4,6- trinmet HE?F“%E@%Y' EEU%M?PBﬁSﬂ* '93 et hyl phenyl, 4-ethyl phenyl,
2;n-propylphenyl 3- n- propyl phenyl and 4-n- propylphenyl 5 - aralkyl such
as C7.20- a=l1aRKy-‘a3 Rpreferably C7. 1rphenyl al kyl, such as benzyl

oyt S el LS COEREKL, pUBIeDS DB SREB ol
3- phenyl - but yWclabidylacyarnep %&WP e&%rcwﬁ'ﬂ%qt)éraasloycB@ﬂ&'yﬂnorejprﬁfeéﬂéy hyl and
2- phenet hyl , I9clepdiByland ciRdoloexyR2 and R4 together are a -(CH2)i-X-(CH2) m
group such as -(CH2) 3-,

25 - alkoxyalkyf such as Ca.so-alkoxyalkyl, preferably Co.z0-alkoxyalkyl, more preferably
Co.s-alkoxyalkyl, such as methoxymethyl, ethoxymethyl, n-propoxymethyl,
isopropoxymethyl, n-butoxymethyl, isobutoxymethyl, sec-butoxymethyl, tert-
butoxymethyl, 1-methoxyethyl and 2-methoxyethyl, more preferably Cz.4-
alkoxyalkyl,

30

- dialkylaminoalkyl such as Cs.so-dialkylaminoalkyl, preferably Ca.zo-dialky_lamind-
alkyl, more preferably Cs.1o-dialkylaminoalkyl, such as N,N-dimethylaminomethyl,
(N,N-dibutylamino)methyl, 2-(N,N-dimethylamino)ethyl, 2-(N,N-diethyl-
amino)ethyl, 2-(N,N-dibutylamino)ethyl, 2-(N,N-di-n-propylamino)ethyl and

35 2-(N,N-diisopropylamino)ethyl, 3-(N,N-dimethylamino)propyl, (R%):N-(CHa)q,

- aryl such as phenyl, 1-naphthyl, 2-naphthy!, 1-anthryl, 2-anthryl and 9-anthryl,
preferably phenyl, 1-naphthyl and 2-naphthyl, more preferably phenyl,

40 - alkylaryl such as Cr.o-alkylaryl, preferably C7-12-alkylphehy|, such as
- 2-methylphenyl, 3-methylphenyl, 4-methylphenyl, 2,4-dimethylphenyl, 2,5-
dimethylphenyl, 2,6-dimethylphenyl, 3,4-dimethylphenyl, 3,5-dimethylphenyl,



(CH2) 4-, -TCB948 | - (c)6-, -(CH2)7-, -(CH2)- O (CH2) 2-,

-(CH2)-NR5- (CH2)r, -(CH2)-CHRS-(CH2)2-, -(CH2)2-0-(CH2)2-,

- (CH2) 2- NR5- ( CH2) 2- (CH2)2 CHR5 (CHZ%Z- -CH2 O(CH2) 3-,

- CH2- NR5- (CH2) 3-, 15 : such as

- C, -20-al kyl, p:f%f'etF@S W'pﬁfnﬁ %ﬁ@r'mew&hemﬁ %é@rﬂ)met ¥HWPY'- &4topyl |

i sopropyl, n- baitethylghsoyu?-gthylpheoy!bBrethylpheerylt 4-bthylphenyi: Dearrypyiphetghent yi ,
sec-pentyl, neapeeshen: a%dd! RBEYIpRERRY! . n-hexyl, isohexyl, sec-hexyl,
n- heptyl , |soheptyl n-octyl, i1sooctyl’.2- ethylhexyl nore preferably
Cl- 4- al kyI or 20 RL and R2 together are a -(CI-|2)1-X-(CI-|2)k group such as
-(CH2) 3, ~ ( CHrpleyl such gedzygaralkyly prafgrably Craapimnylalkyl, 6@HRYs Qerzh2) 2-
Eagg ZNEgS(( )n%tho(x CBBSdlm(eW b"enzyl 6%%&@ ﬁ@@)é@hyl 1-phenyl-

- CH2- NR5- (CHz%g'?’y' 'F15pf¥?”é{lb y'%&’i’ﬁ”y'bﬂ ParsPevG 1.
-al kyl, such d@tﬁ@m;ﬁrphe@vhwvl mpr@ptﬁéwblwb@aaﬁobpmeneﬁuyéaﬂw phepetoplut yI |
sec- butyI and tert-butyl, preferably nethyl and ethyl, nore preferably

geﬁrg%/'hyl ggeﬁ;t m({;]1Rzp§n%f@ft8$étKi%e‘%f gjﬁﬁ’%' ofj}d%cgir?hc%,

2, 5-di m et hyl 2)G- dpﬁ%)@hy(PHthe Z&r’ dim
et hyl phenyl ?.GHz)SBHRM(Omny,I (e O;(CRR)e-, E(QHz)zmmFe(@Hznheg@'er;-eHas 2, 4-,
2,5-, 3,4-, 3,fHlj,no . - 2ch;- 5

3, 5- di decyl phenyl |2MLpar ICL3 a?H NRZ%C@I?)& QCﬁze% FQ [&CH%R? R8, Rs: nmethyl

or ethyl, preferably methyl, 40 R11, R12: PF 60473 19 al kyI such as d -
to C2di5al Kyt R?cycl oal kyl such as C3- to Cl2-cycloal kyl, aryl, heteroaryl,

alr ﬁl Ikyl Isuch agkyFéuct 45 @Qamyalp}@férab@rm gaalmé)ylsabb/bs mm/l Eb‘ih 7n— y|C206
2u| %lu?r {S) or ﬁ@ggpﬁﬁzgut?lagﬁgut%&ﬂg pert- W”t% n RI‘E%% perby F%? é%net §\IH)2 and
N(CH3)2, 10 nqqygnat@lxgyﬁ QIMh,ylpropyl n- hexyl isohexyl, sec-hexyl, n-heptyl, lsoheptyl
n-octyl, isooctyl, 2-ethylhexyl, more preferably C+.s-alkyl, or
20

- R' and R? together are a -(CHz)-X—(CH2)x— group such as -(CHz)s-, -(CHa)4-,
-(CH2)s-, (CH2)e-, -(CHz)7-, -(CHz2)-O-(CHz)2-, -(CH2)-NR5-(CHa)2-, -(CH2)-CHRS-
(CHz)2-, ~(CH2)2-O~(CHz)z-, ~(CH2)2-NRS-(CHa)2-, -(CHa2)2-CHRE-(CHz)z-, ~-CH2-O-
(CH2)3-, -CH2-NRS®-(CH2)3-, -CH2-CHR5-(CH>)s-,

25

RS, R10;

- alkyl, preferably C1.s-alkyl, such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl and tert-butyl, preferably methyl and ethyl, more preferably
methyl,

30

- alkylphenyl, preferably Cr.s0-alkylphenyl, such as 2-methyiphenyl, 3-methy!-
phenyl, 4-methylphenyl, 2,4-dimethylphenyl, 2,5-dimethylphenyl, 2,6-dimethyl-
phenyl, 3,4-dimethylphenyl, 3,5-dimethylphenyl, 2-, 3-, 4-nonylphenyl, 2-, 3-,
4-decylphenyl, 2,3-, 2,4-, 2,5-, 3,4-, 3,5-dinonylphenyl, 2,3-, 2,4-, 2,5-, 3,4- and

35 3,5-didecylphenyl, in particular Cr.o0-alkylphenyl,

RS, R7, R8, R
- methyl or ethyl, preferably methyl,

40 R", R



- CZ 20- al %Pgﬂ noal kyl, preferably C2-16-al kyl am noal kyl, such as
nmet hyl am no- net hyl, 2-nethyl am noet hyl, ethyl am nonet hyl,
2- et hyl am noet hyl and 2- (i so- 15 propyli@m no) et hyl, -

C3- 20- di al kyl a aI Kyl er C3-16- d noal such as

di met hyl arfi no-@ "X Grio ﬁaﬂ?ﬁa%a ‘r‘?@lé‘%"rﬁ&‘lc lsé @% %ﬂ%’t

2- (di -n-propylfmh&rn@)/btawltyl aveh aC{(-do Cad-arelkyl enqbylkylaa{l mqh%@v}&ﬁyd— 20 Z:
- CH2, CHRS, QyikyNRp, preddflddsdBOEfineki@pdbe- an integer from1l to 4 (1, 2, 3
or 4), preferably 2 and 3, nore preferably 2, k, m qgq: an integer froml
to 4 (1, 2, 3 or 4), preferably 2, 3 and 4, nore preferably 2 and 3, 30
n: - a’?n )ﬁteger froml to 30, preferably an integer froml1l to 8 (1, 2, 3,
4, 5, 6, T or G, CHRSrexypeer{@),ably (8Nhoi MRE pesfefabyrat, 4rel @, 35 Suitable

al cohol' s under the abovenentioned prerequisites are virtually all primry
and secon\ﬂary al cohols with an aliphatic OH function. The al cohols may be
straight-chain branched or cyclic. Secondary al cohols are am nated j ust
as efficientl W(aéo)pp're‘fenayly NHcaotddM(€Hskhe al cohol s nay al so bear
substifguents or conprise functional groups which behave inertly under the
condi tions of g g%/g)g_ﬂgenati ng am nation, for exanple 40 al koxy,

al kenyl oxy, or dial kylam no groups, or else if appropriate are
hydr ogenat ed under the conditions of the hydrogenating am nation, for

gxglrrrs)l ngtCr gf&% ﬁlkﬂén’ﬁﬁdaﬂdyﬁ pRaadsly OMeBikpamiHoukyi, sucd ﬁ@ﬁ@i@laﬁu%é—ng?2?| Iet
i i
i's p055| bl e Vlngetp ﬂ oeﬁllwrl mo?tﬁg l g Eaé%‘?q%%g% %g hS/[agH oﬁt%ﬁ ﬁ‘ggzai(i'sﬁ

pr ef erlenti al | ;pr%fﬁwnaje@mhm s, cyclic am nes or polyanm nated products. The
am nation of 1,2-diols |eads, dependi ng on the selection of the reaction

condi ti ons, ECsp?‘Bfalkﬂélnﬂ‘rﬁda%(ky‘ G AR e LR S dﬁﬁetﬁg%rgﬁ KM no

conpounds. The ‘a e i on of
thgpr eaction d'B‘ﬂE;" fi’igﬁ‘%ethy ?'B'ni’egﬁﬂ %dj% H%m&%&hyg&fﬁb@ﬁwy amine)ghyianto

conpounds, or Z-@iisoprepylmibereddlri ngs with a nitrogen atom (pyrrolidines).
10 Thegam nation of 1,6-diols |eads, depending on the selection of the
reaction conditions, to 1-am no-6-hydroxy conpounds, 1,6-diam no
conmpounds,”or to seven-nenbered

- CH:, CHRS, O, NR5 or NCH,CH20H,

i, Is

25 - an integer from 1 to 4 (1, 2, 3 or 4), preferably 2 and 3, more preferably 2,
k, m, q:
- an integer from 1 to 4 (1, 2, 3 or 4), preferably 2, 3 and 4, more preferably 2 and
3,
30
n

- an integer from 1 to 30, preferably an integer from 1to 8 (1, 2, 3, 4, 5, 6, 7 or 8),
more preferably an integer from 1 to 6.

35  Suitable alcohols under the abovementioned prerequisites are virtually all primary and
secondary alcohols with an aliphatic OH function. The alcohols may be straight-chain,
branched or cyclic. Secondary alcohols are aminated just as efficiently as primary
alcohols. The alcohols may also bear substituents or comprise functional groups which
behave inertly under the conditions of the hydrogenating amination, for example

40  alkoxy, alkenyloxy, alkylamino or dialkylamino groups, or else if appropriate are
hydrogenated under the conditions of the hydrogenating amination, for example CC
double or triple bonds. When polyhydric alcohols, for example diols or triols, particularly



rings wt ¥ 60417?r ogen atom (hexanet hyl enei m nes). 15 The am nati on of
1,540l s | eads, depending on the selection of the reaction conditions, to
1- am no- 5- hydroxy, 1, 5-di am no conpoung®, or to six-nenbered rings with a

glotsglogleg tagé/%gllsg%l e%)I? %mnr%ﬁ%cil L IOPQ%%G{E tﬂé Qé/At%?B{@@?égctlohtcmhﬂtl&%qer dingly

nmonoari no@b@lfylér@fe@ﬂ'amﬂﬁ‘ol-ﬁw @W?OW'”%?%H‘PHH@FQI ycol (H2N
20 CH2CH2- O- CH2CH2- NH2) or norpholine. Particular preference is given here

Lo ADG as rpbafRIiBAER S, 408 s, SLRAIREI G SelEQoh T RANEaBYodRiBhS e

th tl
Vl\\f- (2- Fljtg(rjr@)%@}@tlﬁﬂ}’ )%*ﬁ@"!?z?ﬁé rééhc?fgp%ﬁldéloﬁ?&"??WfﬂotWH%%I anine. 25

Preference is given to amnating, for exanple, the follow ng al cohols:

ge:)gﬁt”glnol tt—:‘h.a‘?‘rﬂlc?étvonrb'f ﬁr&@@@%ads' Wn@ﬂ@%'the @el@éﬂdﬁr&'the fe2etiH eomaltions,

d
pal 140 &N ﬁ?y@roamwne% < aeenioneangeongy or SBemierB s8Rty
al cohol , vithleemifrbgarhatoml (pyreclidimeakt hoxyphenyl ) 30 et hanol ,
2- (3, 4pdi et hoxyphenyl ) et hanol, 1-phenyl - 3-but anol, et hanol ani ne,

n- propanol m ne %{‘Il?i]lool? 1%;3‘ % %e{o’gsngioe%dﬁ@t%qr\& fglregt’%né}lthe reactFI)on %ondltllo

1- met hoxy-2- ropan anm ne
(1- ami no- %0 ﬁmlmr@ff)ydrw sesRAWNds, Af-giamne CQHFIPHHU@ ﬁé?@a‘?ﬁ){?? MEIPBRIRD| ani ne,

di et hanol &ﬁﬁg@wlthTarm@édmrmd)mr(mé)@mdﬂa)&édeﬁhmeg)l et hanol ani nes,
di i sopropanol am ne, 3-(2-hydr oxyet hyl am no) pr opan 1-ol, 2-(N,N 35
dlrrethlamno)ethanol 2- (N, N-di F%é/lamn et hano

2- (N, Nbd TEOBRUCRA Ay BDIRAPRSS, SomancRONTINE SHRRISYRT e Fsplincapsitons,
2- (N, N-di -tﬁ-1b;mu|yd>-5myﬂﬂixwhéﬂhﬂmlndcémpwrwm siolosiyinembatadaings vdtha |

(N N-di - tgta/rh BRI E3B0YpiperdiYidinfindsp € - but yl am no) et hanol , 3-
N, N- di et am t n N, N-dl

opy! ani HB’)Y’ﬁF Q'Ha pogm 'ﬁ tf{l-ogfagrb ?JP(SJ ? m[ﬂ%%)p%é H%?OR}?A thﬁll—h -n 40
tyl ani nmmmmmﬂlglyw (%Dﬁd’f Heo B¢ Hafa-abyproph dj|am|nod|glycol (Hz -

(N, Modi -SeeHiudWHBeHANH,) Bf p@R6line. Batthulr gieférende b givehartaio) ADGREaNOI |,
di nmet hyltﬁm I%OEentrOHBél’[ 4, 1-di- et hyI am nopent anol -4, ethyl ene gI ycol ,

1, 2- propyl ne @Sc% pyl ene glycol, PF 60473 21 di q 3/ ?

1, 4- but ané%lp@'ﬁzmq'%C%@ﬁp@l?ﬂgﬁﬂwbta'ﬂeé%é%ﬁ@éi%Pref%'eﬂgebfr%f[‘ iethanolamine.
hydr oxy cy a\-gheysrok sty piperaifd terxtyebditained fropr idpibeyaiaimareol , but oxyet hanol ,
pol ypropyl al cohols, polyethylene glycol ethers, polypropylene gl ycol

et hers and ol ybut yI ene gl ycol thers tter pol yal kyl ene glycol
et her £%ar & ré%‘ﬁi@?t'%a"’?%tq %%Et'% ¥ ERPBRE H't? Sﬁ?VHB%a h‘%/ﬁe i nventive
reaction by converting their free hydroxyl groups. Particularly preferred

al cohol's "11% %ﬁé{%ﬁ%ol r?b BRI lsé‘prebmnﬂﬂ)utaholﬂégﬂﬁﬁrﬁﬂl n- Ber’ﬂéﬁcﬂnO'
0

3% hy! PexheEnoLd orSRR IESALT S AsohEh 2a VAR Shobuenol

di et hyl ene:yglopemtbnc@lDE@)oheKanCé,tbwlzydmécogpyamhenylethanol p-methoxyphenyl)

30 ethanol, 2-(3,4-dimethoxyphenyi)ethanol, 1-phenyl-3-butanol, ethanolamine,
n-propanolamine, isopropanolamine, 2-amino-1-propanol, 1-methoxy-2-propanol,
3-amino-2,2-dimethyl-1-propanol, n-pentanolamine (1-amino-5-pentanol), n-hexanol-
amine (1-amino-6-hexanol), ethanolamine, diethanolamine, triethanolamine, N-alkyl-
diethanolamines, diisopropanolamine, 3-(2-hydroxyethylamino)propan-1-ol, 2-(N,N-

35 dimethylamino)ethanol, 2-(N,N-diethylamino)ethanol, 2-(N,N-di-n-propylamino)ethanol,
2-(N,N-diisopropylamino)ethanol, 2-(N,N-di-n-butylamino)ethanol, 2-(N,N-diisobutyl-
amino)ethanol, 2-(N,N-di-sec-butylamino)ethanol, 2-(N,N-di-tert-butylamino)ethanol, 3-
(N,N-dimethylamino)propanol, 3-(N,N-diethylamino)propanol, 3-(N,N-di-n-
propylamino)propanol, 3-(N,N-diisopropylamino)propanol, 3-(N,N-di-n-

40  butylamino)propanol, 3-(N,N-diisobutylamino)propanol, 3-(N,N-di-sec-butylamino)-
propanol, 3-(N,N-di-tert-butylamino)propanol, 1-dimethylaminopentanol-4, 1-di-
ethylaminopentanol-4, ethylene glycol, 1,2-propylene glycol, 1,3-propylene glycol,

2-
(N
pr
but
3-
1-



(TEQ, 2- (PZF 8P4 % et hyl am noet hoxy) et hanol , N-met hyl di et hanol am ne and
2- (2-di - nmethyl am noet hoxy) et hanol . Sui tabl e ketones usable in the process
according to the invention are, under thhe 15 abovenenti oned prerequisites,

virtually I hatic a romati ¢ ket ones e hatic ketones may
be strai gh‘f1 'K?Pi {nﬁ) bﬂ?aﬁe'ﬂggﬁgﬁ’erga%di‘%ﬂ’%‘I%EXW%&ZBILPEE conpri se

het er oat orhydroRyeydiatesyitsopeng, Methdresth e prephxyeihanenbetoxyetitammpr i se
functi onal cﬁyp%m@amwim@rpda@w@el dhRbol ét)ﬁe#éng&yprb?ﬁ 9&& ie@fegs ghd t he
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t he cordi t606ﬁ§p rtw'nyarrd@@ﬂfmeﬂh@ rgavtina Bygrenverdng &@d'rﬁﬂeehygf@yl doubl e or
triple borgtsupsthen pol yfunctional ketones are to be aminated, it is
possible via the control of the reaction conditions to obt ai n am no

ket ones, am no al cohol s, éd ic am nes or polyam nated products.
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m net hoxydd g@ipﬁ&n@ Yiﬁf&ﬁ%?‘b?%&%ﬁ? thgd ‘5;)( ,

Tene
1- phenyl - BH@hﬂamUm@ﬂMGthUMQtanone cyclopentanone, cyclopentenone
cycl ohexanone, cycl ohexenone, 2, 6-di net hyl cycl ohexanone, cycl ohept anone,

oY eroaae SgnR RERESAOEN AT, gg&%%g%rmg% IRIRE0F ARD ERGShe S 20 &

al dehydes usa roces nder the

35 abo\e near’?PV%m@’éFioﬁteé rpé"i‘j Gﬂ@F'feésv'”V?'WtalJéll'PQattﬂ andArpH AL ketonasd The éh%hﬁt‘é

al dehydes.keldnes nadyi phsttdight@hdiehyrdeshateyr dyelics thediegtities el comgaisanched or
cyclic; thesabdehudess H@txnescmap;urﬁn%r b Bk AU ow{lﬁ?mﬂrhg‘?ﬂ%q@ﬁal %Ff surther
bear substl t, ts or unctlon % ﬁﬁu ave |

under the V@Bﬁﬁg Waﬁfﬁéne(‘;ﬁ?ynﬁrl’d@r ﬁ}ﬁ]‘f @ﬁa% Pﬁ@e el LY a”?'B"F‘t'oé‘x%ﬁP(%mallekoxy,
al kenyl oxglkaxly kalkenylaxy, akylainiabloy ldstkylemioe gupes, warelsel, § eppicpridi@, anepr opri at e,
are hygr oga@g@elat@a%aehh@ c@ﬁmﬁar{sld?% Wdrégb%aha@éﬂ%ﬂ&i 'f&ge@mpr@b'@n for

exanple C onal ydes. or keto

al dehydes ﬁgféd)ﬁrﬁ)liéon%ﬁ' que(? p@ﬁ‘éﬂﬁ“ﬂ%@é@%n#afestop?gsaé?'ﬂ?t@dﬁfﬁ ROS&PEONt r ol
of the rea thercooiodldif theoigectian asindibipns toaatitaio aalinokeidrgs, eydia acehvimes - or

pol yam natc@a.cm@dygbﬁpo;ﬁrﬁiﬁgﬂegry,;@jucg given, for exanple, to amnatingly
hydrogenating the foll ow ng al dehydes: 5 for mal dehyde, acet al dehyde,

propi onal dehyde, n-butyral dehyde, isobutyral dehyde, pival al dehyde,
n- pent2&nalFrefgrefsganaiven, Joraxainie i pminatinglnby drpperating e follawing kaignes:
pent anal , 4-nethyl pentanal, glyoxal, benzal dehyde, p-nethoxybenzal dehyde,

ORI e e S L
3-fornyl t €08 gyigga@-(zcgr@n diethyl ketone, tetralone, acetophenone p-methylacetophenone,
p-methoxyacetophenone, m-methoxyacetophenone, 1-acetylnaphthalene, 2-acetyl-
30 naphthalene, 1-phenyl-3-butanone, cyclobutanone, cyclopentanone, cyclopentenone,
cyclohexanone, cyclohexenone, 2,6-dimethylcyclohexanone, cycloheptanone,
cyclododecanone, acetylacetone, methylglyoxal and benzophenone.

Suitable aldehydes usable in the process according to the invention are, under the

35 abovementioned prerequisites, virtually all aliphatic and aromatic aldehydes. The
aliphatic aldehydes may be straight-chain, branched or cyclic; the aldehydes may
comprise heteroatoms. The aldehydes may further bear substituents or comprise
functional groups which behave inertly under the conditions of the hydrogenating
amination, for example alkoxy, alkenyloxy, alkylamino or dialkylamino gvroups, or else, if

40  appropriate, are hydrogenated under the conditions of the hydrogenating amination, for
example C-C double or triple bonds. When polyfunctional aldehydes or keto aldehydes
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the reactant stream (in continuous mode), and depending on the reaction conditions
employed - pressure, temperature, reaction time (catalyst hourly space velocity) - it is

30 possible in this way to prepare preferentially primary, secondary or tertiary amines as

desired.

In this way, it is possible to prepare, from polyhydric alcohols or di- or oligoaidehydes
or di- or oligoketones or keto aldehydes, by intramolecular hydrogenating amination,

35  cyclic amines, for example pyrrolidines, piperidines, hexamethyleneimines, piperazines
and morpholines.

As well as ammonia, the aminating agents used may equally be primary or secondary
amines.

40
These aminating agents are preferably used to prepare unsymmetrically substituted di-
or trialkylamines, such as ethyldiisopropylamine and ethyldicyclohexylamine. For
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30  N,N-dimethyl-N-isopropylamine (DMIPA) (from i-propanol and/or acetone and DMA),
N,N-dimethyl-N-butylamines (1-, 2- or isobutanol and/or butanal, i-butanal or butanone
and DMA), 2-(2-di(C+4-alkyl)aminoethoxy)ethanol and/or bis(2-di(C+.4-alkyl)aminoethyl)
ether (from DEG and di(C+.4-alkyl)amine), 1,2-ethylenediamine (EDA),
monoethanolamine (MEOA), diethylenetriamine (DETA) and/or piperazine (PIP) (from
35  monoethylene glycol (MEG) and ammonia), 1,8-diamino-3,6-dioxaoctane and/or
1-amino-8-hydroxy-3,6-dioxaoctane (from triethylene glycol (TEG) and ammonia),
1-methoxy-2-propylamine (1-methoxyisopropylamine, MOIPA) (from 1-methoxy-2-
propanol and ammonia), N-cyclododecyl-2,6-dimethylmorpholine (dodemorph) (from
cyclododecanone and/or cyclbdodecanol and 2,6-dimethylmorpholine), polyetheramine
40  (from corresponding polyether alcohol and ammonia). The polyether alcohols are, for
example, polyethylene glycols or polypropyiene glycols having a molecular weight in
the range from 200 to 5000 g/mol; the corresponding polyetheramines are obtainabie,
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25  finally with 100% H: for 3 hours. The percentages are each % by volume. The
passivation of the reduced catalyst was performed at room temperature in dilute air (air

in N2 with a maximum Oz content of 5% by volume).

Examples 2t0 5

30 :
The catalysts were prepared analogously to catalyst 1. However, the amount of nickel
nitrate and cobalt nitrate was altered correspondingly and tin dichloride was additionally
added to the nitrate solution. The catalysts 2 to 5 thus obtained had the composition as
detailed in Table .

35
Example 6
Amination of diethylene glycol (DEG)

40

10 g of the reduced amination catalyst in the form of approx. 0.2 to 1 mm spall was
initially charged in a 300 ml autoclave together with 70 g of diethylene glycol



hydr ogen \Aﬁge%ﬁ n injected, and the total pressure rose-to 180 - 200 bar.
The autoclave was run at 200C for 12 hours with stirring. 5 At different
ti mes, sanples of the reaction m'xturezsere t aken and anal yzed by neans

m ne" GC col utm was

of GCchro 0 or this a "
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with a temperature program of 80°C/15 minutes, heat to 290°C within 30 minutes, at
290°C/15 minutes.
The composition of the resuiting reaction mixtures for the catalysts of Examples 1to 5
10  can be taken from Table . |
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catalyst, before its reduction with hydrogen, conprises in the range from
0.7 to 4.5% by wei ght of oxygen compounds of colbalt, calculated as CoQ
20 4. The process according to any of the preceding clainms, wherein the
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in the rarfd:es‘?df@m 15 to 80% by wei ght of oxygen compounds of. zirconi um
calculated as Zr02, 1 to 20% by wei ght of oxygen conpounds of copper,
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to 20 30 Mrairotheirandehfeoryas phase at an absol ute pressure in the range
fromO0.1 to 15 t080% by weight of oxygen compounds of zirconium, calculated as ZrOs, '
1 to 20% by weight of oxygen compounds of copper, calculated as CuO,
25 15 to 55% by weight of oxygen compounds of nickel, calculated as NiO, and
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5. The process according to any of claims 1 to 3, wherein the catalytically active
composition of the catalyst, before its reduction with hydrogen, comprises in the
30 range from
30 to 70% by weight of oxygen compounds of zirconium, calculated as ZrO,, _
2 to 15% by weight of oxygen compounds of copper, calculated as CuO,
20 to 50% by weight of oxygen compounds of nickel, calculated as NiO and
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35
6.  The process according to any of claims 1 to 3, wherein the catalytically active
compositidn of the catalyst, before its reduction with hydrogen, comprises in the
range from
35 to 65% by weight of oxygen compounds of zirconium, calculated as ZrO,,
40 4 to 10% by weight of oxygen compounds of copper, calculated as CuO,

25 to 45% by weight of oxygen compounds of nickel, calculated as NiO and
1.0 to 4.5% by weight of oxygen compounds of tin, caiculated as SnO.
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reacting di etdaytbened &l atedlpetddnr©)in Wetrangk frém-sb-taldsgtd.am ne. 24. The
process accordi ng to any of clains 1 to 20 for preparing nonoet hanol am ne
(MEQA) and/ or 2- et hyl enedi am ne (EDA) by reacting nonoethyl ene glycol 20
(MEG) Wit H amF@ﬁm&ocefs acqq’fémgrt%ee\éef taeefﬁcaﬂhg oiadﬂawyh%?mém%%hqn o 20 for

preparing 1, 2-petfhyphehiedhaliquic phiseRApntapsoletgiressyrerdrtbe rarayedicantne ( VEOA)
with agnoni a. 3@)5?\/Ilz§or ihhge Bé@ﬁﬁ&% eﬁ%ﬁ%rbgblﬂ% ﬁr@s&u’ﬂé’mqge ?ér@e mt0%o20 for

preparing a po yl\(/?ir—" eram né reacting a correspondi ng po yet her al cohol
wi th ammoni a.

13. The process according to any of the preceding claims, wherein the amine
component (nitrogen compound) is used in from 0.80 to 100 times the molar
25 amount based on the alcohol, aldehyde and/or ketone used.

14. The process according to any of claims 1 to 12, wherein the amine component
(nitrogen compound) is used in from 1.0 to 10 times the molar amount based on
the alcohol, aldehyde and/or ketone used.

30
15. The process according to any of the preceding claims, wherein the catalyst is
arranged in the reactor as a fixed bed.
16. The process according to any of the preceding claims, which is performed
35 continuously.

17. The process according to the preceding claim, wherein the reaction is effected in
a tubular reactor.

40  18. The process according to either of the two preceding claims, Wherein the reaction
is effected in a cycle gas method.



27. The prg'ég%?%\ccordi ng to any of clainms 1 to 20 for preparing

pi perazine and/or diethylenetriamne (DETA) by reacting

N-(2- am noet hyl ) et hanol am ne (AEEA) 303gnM th anmoni a. 28. The process
accordi ng of claims 1 to 20 for preparing pol él sobut enam ne (Pl BA)
by reacti ni)é)'po ORRRSASEP IR A @NYiof hetiprsasing d@mshyberstiehe aBohdo. A

cat al yst, wheradehydhendar Hehtdataw ik ysed bs we aqoemeiotution. of t he catal yst,

before its reduction with hydrogen, conprises oxygen conpounds of
in the ran%e from0.5 to 8.0% by

el ant of Zyollt WBRFSAGLIGr BT P R TN Ta0 (a gmsterie s
catal y&t accorRiimajy posedeadpyamiod isglselaisran ajuaoexcsautioned as defined in any
of clains 2 to 10. ‘
~ 21. The process according to any of the preceding claims for preparing
monoaminodiglycol (ADG) and morpholine by reacting diethylene glycol (DEG)
with ammonia.

10 ,
22.  The process according to any of claims 1 to 20 for preparing N-(C14-alkyl)-
morpholine by reacting diethylene glycol (DEG) with mono(C1.4-a|kyI)aminef

~ 23.  The process according to any of claims 1 to 20 for preparing 2-(2-di(C1-4-
15 alkyl)aminoethoxy)ethanol and/or bis(2-di(C1.4-alkyl)aminoethyl) ether by reacting
diethylene glycol (DEG) with di(C+.s-alkyl)amine.

24.  The process according to any of claims 1 to 20 for preparing monoethanolamine
(MEOA) and/or 1,2-ethylenediamine (EDA) by reacting monoethylene glycol
20 (MEG) with ammonia.

25.  The process according to any of claims 1 to 20 for preparing 1,2-ethylenediamine
(EDA) by reacting monoethanolamine (MEOA) with ammonia.

25 26. The process according to any of claims 1 to 20 for preparing a polyetheramine by
reacting a corresponding polyether alcohol with ammonia.

27. The process according to any of claims 1 to 20 for preparing piperazine and/or
diethylenetriamine (DETA) by reacting N-(2-aminoethyl)ethanolamine (AEEA)
30 with ammonia.

28. The process according to any of claims 1 to 20 for preparing polyisobutenamine
(PIBA) by reacting polyisobutenaldehyde with ammonia and hydrogen.

35 29, A catalyst, wherein the catalytically active composition of the catalyst, before its
reduction with hydrogen, comprises oxygen compounds of zirconium, copper,
nickel and tin and in the range from 0.5 to 8.0% by weight of oxygen compounds
of cobalt, calculated as CoO.

40  30. The catalyst according to the preceding claim, characterized as defined in any of
claims 2 to 10. '



